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Phonological and phonetic features of speakers’ native languages afect their foreign 
language pronunciation. The efects last long so even for adult learners of advanced levels, 
making speech without foreign accents is not an easy task. Lenneberg (1967) proposes an 
important biological process of language learning and cals it "a critical period.” After the 
critical period, it becomes dificult for people to acquire languages. 
Learning foreign languages before or after the critical period is a controversial issue. 
Learners who start learning foreign languages after the critical period tend to show errors 
of pronunciation on which their native language have a significant efect.
Foreign accented speech by Japanese advanced-level learners of English is observed in 
general societies, language classes and even academic meetings. It is caused by slight 
mistakes on both prosodic features, such as stress and intonation, and segmental features, 
such as consonants and vowels. Among these features, the vowel is focused on for the 
language experiment of this study. 
English and Japanese have diferent vowel systems. English has eleven vowels and 
Japanese has five vowels. For example, English contrasts two vowels ([i] vs. [ɪ]) with vowel 
quality diferences and Japanese contrasts them with short or long vowel ([i:] vs. [i]) but not 
with vowel quality diferences. 
  Spoken languages are managed by people with supports of written forms. They can be 
visualized with types of symbols, such as their corresponding letters or phonetic alphabets. 
On the basis of this multilayered process of spoken languages, visualization of vowel 
qualities is explored for linguistic and language learning studies. Language learners are able 
to produce spoken forms with reading these symbols oraly. Reading the symbols oraly, 
however, does not always lead learners to accurate pronunciation. 
To remedy learners’ pronunciation, several tools are used. One of them is visualization of 
tongue shape with X-rays. This has been developed and has been made use of for a long time 




in a field of speech science. As Trofimov and Daniel (1923, 25) points out, however, X ray 
pictures wil not of itself enable the students to pronounce the sound correctly.
Visualization of language sounds and its efect for learning pronunciation of foreign 
language has been discussed by limited number of researchers. Among them, one of the 
clearest results presented by Suemitsu et al. (2015, 6) concludes that short-term training 
with real-time articulatory visual feedback approach improves the pronunciation of Japanese 
learners in acquiring the non-native vowel [æ]. 
Visualized vowels may not work for leaning language sounds if they are just figures with 
elusive scattering of dots. They are, in a way, a picture of a state that is sliced from a series 
of motion in three dimensions with axes of F1: openness of mouth, F2: tongue height, and 
time: motion of a vocal organ. As Cohn (2013, 3) explains, structured sequential sounds 
become spoken languages of the world, structured sequential body motions become sign 
languages, and structured sequential images literaly become visual languages. 
1. Methods
Recording of listed words and phonetic analyses of their vowels were conducted in a 
phonetic laboratory of Yamagata University. Formant frequencies were used for a 
measurement of vowel qualities. It is expected that vowels are not discriminated very wel 
by non-native English speakers.
1.1 Participants
Three male speakers of American English (hereafter ME1, ME2 and ME3), three female 
speakers of American English (hereafter FE1, FE2 and FE3) participated in the experiment. 
They came from U.S.A. as exchange students with one year term. They were from 20 to 24 
years old.
Two male Japanese students who majored in English (hereafter MJ1 and MJ2) and eight 
female Japanese students who majored in English (hereafter FJ1, FJ2, FJ3, FJ4, FJ5, FJ6, FJ7 
and FJ8) took part in the experiment. They were from 20 to 22 years old.
1.2 Materials
Vowels [i], [ɪ], [æ], [a], [ʊ] or [u] produced by native English speakers and Japanese learners 
of English in a context of [h] - [d] was recorded and their F1 and F2 values were measured 
by the author with using Praat. Six words, "heed”, "hid”, "had”, "hod”, "hood”, and "hoodoo” 
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were used for recording. A one-sylable word that begins with [h] and ends with [d], between 
which [u] was put in was not found, and so a two-sylable word, "hoodoo” was used instead. 
1.3 Acoustic measurements
Files recorded in media (San Disk Extreme IV compact Flash UDMA) were put into a 
personal computer (Panasonic CF-W7CWU1JC). Six vowels, [i], [ɪ], [æ], [a], [ʊ] or [u], were 
selected for measurements. Vowel analyses measured using Praat were conducted while 
focusing on formants, which were concentrations of acoustic energy and the most dominant 
frequencies combined to produce the distinctive vowel qualities. F1, a reflection of the height 
of the tongue, and F2, a reflection of the location of the tongue that was the highest in 
production of a vowel, were measured in Hertz.
1.4 Statistical analysis
For statistical verification of the described vowel spaces, F1 and F2 values were 
measured. To statisticaly analyze these formant values, binominal distributions were based 
on with using z-scores. Calculation with z-scores were used with a p<0.05 significance 






2.1.1 Minimal pairs produced by native speakers
Formant 1 and 2 values of six vowels by native speakers of American English are 
measured and listed in Table 1-3.
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As is presented in Figure 1-3, vowel qualities by native-speakers are discriminated very 
wel except two cases, which are produced by EF2 and EF3. In both cases, F2 values of 






























2.1.2 Minimal pairs produced by non-native speakers
Formant 1 and 2 values of six vowels by Japanese learners of English are measured and 
listed in Table 4-6.
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As is presented in Table 4-6, vowel qualities by nonnative-speakers are not discriminated 
very wel. Among 60 cases, 12 cases do not show clear discrimination between minimal-
paired vowels. As for "heed” and "hid”, three cases of F1 and one case of F2 do not show a 
significant diference between minimal-paired vowels statisticaly. As for "hod” and "had”, 
one case of F1 and one case of F2 do not show a significant diference between minimal-
paired vowels statisticaly. As for "hoodoo” and "hood”, two cases of F1 and three cases of F2 
do not show a significant diference between minimal-paired vowels statisticaly.
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2.1.3 Visualization of vowel qualities
Vowel discrimination for vowels by native- and nonnative-speakers is visualized with 
vowel spaces. There are six dots whose location is calculated with using perceptual 
adjusting (Story, et al. 2017, 460). Figure 1-6 presents vowel spaces by native speakers in 
which the scores of formant values are normalized with Bark factor equation. 
 
 Figure 3 Vowel space by English male speaker 3
Figure 2 Vowel space by English male speaker 2






These figures present various patterns of vowel spaces. They are forming vowel spaces in 
which al vowels scatters very wel, and that means these six vowels are produced with 
discrimination that also work for perception.
  Figure 7-16 presents vowel spaces by nonnative speakers in which the scores of formant 
values are normalized with Bark factor equation.
Figure 5 Vowel space by English female speaker 2
Figure 6 Vowel space by English female speaker 3
Figure 4 Vowel space by English female speaker 1






Figure 10 Vowel space by Japanese female speaker 2
Figure 9 Vowel space by Japanese female speaker 1
Figure 8 Vowel space by Japanese male speaker 2









Figure 14 Vowel space by Japanese female speaker 6
Figure 13 Vowel space by Japanese female speaker 5
Figure 12 Vowel space by Japanese female speaker 4
Figure 11 Vowel space by Japanese female speaker 3




These figures present several patterns of vowel spaces, most of whose two-paired vowels 
are not separated enough. These tendencies are quite diferent from native English 
speakers’ ones. 
Among 30 minimal-paired vowels, 21 minimal pairs are not discriminated very wel. As for 
[i] – [ɪ] pairs, al 10 pairs are not discriminated. As for [æ] – [ɑ] pairs, three pairs are not 
discriminated. As for [ʊ] – [u] pairs, eight pairs are not discriminated.
2.2 Phonetic contrasts
2.2.1 Diferences on contexts produced by native speakers
Diferences on contexts by native-speakers are presented in Table 7-9. Against the 
author's expectation, phonetic contrasts with F1 or F2 on contexts are not observed clearly 
even for utterances by native speakers. 
Table 7 presents two cases, which discriminate F1 and F2 of "hid” on al three types of 
contexts: "said” in "What did you say?”, "did” in "Did you say …?”, and "sAid” in "Did you say 
…?”. Among 24 cases, 13 cases show hyper-articulation of vowels on one type of context; six 
Figure 15 Vowel space by Japanese female speaker 7
Figure 16 Vowel space by Japanese female speaker 8
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for interrogatives, four for repetitive statements, three for first statements. 
Table continued
 


































sAid, said < didNS<.005<.005-.153-2.8-2.8
said, sAid < didNS<.005<.005-.153-2.8-2.8
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Table 8 presents one case, which discriminate F1 of "hod” on al three types of contexts. 
Among 24 cases, eight cases show hyper-articulation of vowels on one type of contexts; six 






did < said, sAidNS<.007<.047-.764-2.7-1.98
did, said <sAid<.005<.005NS-2.7-2.7-.969
sAid, said < didNS<.005<.005-1.78-2.8-2.8




































Table 9 presents one case, which discriminate F2 of "hood" on al three types of contexts. 
Among 24 cases, eight cases show hyper-articulation of vowels on one type of contexts; five 













did < sAid, saidNS<.021<.013-.045-2.31-2.49












did < said, sAidNS<.009<.009-.059-2.59-2.59
















































sAid, said < didNS<.012NS-.612-2.49-1.47
sAid, did, saidNSNSNS-.612-.359-1.47
did, sAid, saidNSNSNS-.51-1.42-1.37











2.2.2 Diferences on contexts produced by non-native speakers
Diferences on contexts by nonnative-speakers are presented in Table 10-12. As is 
expected by the author, phonetic contrasts with F1 or F2 on contexts are not observed very 
clearly among utterances by nonnative speakers. 
Table 10 presents three cases, which discriminate F1 and F2 of "heed” and F2 of "hid” on 
al three types of contexts. Among 40 cases, nine cases show hyper-articulation of vowels on 























































































Table 11 presents two cases, which discriminate F2 of "had” and that of "hod” on al three 
types of contexts. Among 40 cases, five cases show hyper-articulation of vowels on one type 






























































































Table 12 presents no case which discriminate F1 or F2 on al three types of contexts. 
Among 40 cases, eight cases show hyper-articulation of vowels on one type of contexts, six 
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3. Discussion and conclusions
This study focuses on vowel spaces produced by native English speakers and Japanese 
speakers. Results show that two-paired vowels produced by Japanese native speakers are 
not separated enough in vowel spaces. This tendency is quite diferent from the one by 
native English speakers. Diferent contexts do not always produce hyper-articulation for 
Japanese native speakers and this tendency is also observed for native English speakers. 
Vowels dotted on a vowel space are to be used for grasping characteristics of learners’ 
pronunciation by themselves. It is expected that they sense them not only by ears but also 
with eyes. As Gregory (1970, 155) claims, we are able to read function from structure, and 
engineers can 'see’ the functional significance of the parts of quite complicated systems. 
One sylable words are used for oral reading except the one, which is a two-sylable word 
of 'hoodoo’. For a word list, a single word, not a phrase, is selected to equalize conditions of 
reading vowels. The author of this study, then, is recommended by other researchers to use 
a contraction of 'who would’, for the next experiment. This comment works very wel as 
these words are treated separately in a written form but they do not act by themselves in a 
spoken form. The word of 'who’d’ is sure to present phonetic features of a single word. 
This study focuses on phonetic features of F1s and F2s. To discriminate vowel qualities, 
however, duration also should play an important role. For listeners, interaction of duration 
values and formant ones would decide which vowels speakers are uttering.
One thing that happens to be found against the author’s expectation for contrast of vowel 
qualities on contexts is hyper-articulation for interrogatives. In dyad, one asks to the other, 
for example, "Did you say "hood”?” after she/he says "What did you say?”, and the other say, 
'I said "who’d”.”. This "hood” is hyper-articulated very wel and it is much more than the one 
repeated the second time as in "I said "who’d”.”. This study shows the repetition does not 
always cause hyper-articulation of words. The condition of recording in phonetic laboratory, 
of course, might get rid of natural situations of hyper-articulation for repeated words. 
The author of this study started exploring visualization of phonetic features, especialy of 
vowels, for educational purposes. Vowel qualities can be depicted in vowel spaces with F1 
and F2 formant values. Consonants can be depicted also in virtual consonant spaces with 
duration and intensity. Besides, intonation can be depicted in intonation spaces with time 
and intensity or pitch. With this visualization of phonetic features, learners can grasp their 
own pronunciation. Visualization works for clarifying phonetic characteristics of non-native 
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This study explores vowel qualities diferentiated between native and non-native 
speakers. Words which contain six vowels respectively, [i], [ɪ], [æ], [ɑ], [ʊ] or [u] are oraly read 
in carrier sentences (e.g. "What did you say? I said "heed”. Did you say "hid”? I said "heed””.). 
They include statements and interrogatives uttered between two speakers. Forman values 
of target vowels are measured with Praat, among which formant one and two are dealt with 
statisticaly. 
Phonological and phonetic features of speakers’ native languages afect their foreign 
language pronunciation. The efects last long and so even for adult learners of advanced 
levels, making speech without foreign accents is not an easy task. Lenneberg (1967) proposes 
an important biological process of language learning and cals it "a critical period.” After the 
critical period, it becomes dificult for people to acquire languages. 
Efects of critical period for learning foreign languages are controversial issues. Learners 
who start learning foreign languages after the critical period tend to show errors of 
pronunciation for which their native language have a significant efect.
Foreign accented speech by Japanese advanced-level learners of English is observed in 
general societies, language classes and even academic meetings. It is caused by slight 
mistakes on both prosodic features, such as stress and intonation, and segmental features, 
such as consonants and vowels. Among these features, the vowel is focused on for the 
language experiment of this study. 
English and Japanese have diferent vowel systems. English has eleven vowels and 
Japanese has five vowels. For example, English contrasts two vowels ([i] vs. [ɪ]) with vowel 
quality diferences and Japanese contrasts them with short and long vowels ([i:] vs. [i]) 
without vowel quality diferences. 
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